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NATIONAL ADVISORY COMITTEE FOR AERONAUTICS 
RESEARCH I^MORANDUM 

FLIGHT OBSERVATIONS OP AILERON FLUTTER AT HIGH FJiCH 
NUMBERS AS AFFECTED BY SEVERAL MODIFICATIONS 
By John R. Spreiter, George M. Galster, 
and George E. Cooper 


SUMI/iARY 

During dive tests of a typical fighter airplane, a type 
of aileron flutter occurred which was evidently associated 
with high-speed flight. At a Mach member of 0.745 the 
flutter was of such intensity that no further increases of 
Mach number were attempted. Data obtained during these tests 
show that, as the speed was increased from the lowest test 
speed, both ailerons floated upward progressively, reaching 
an angle of 0.8° at a Mach number of 0.72. With further 
increases of Mach number, to the highest test value of 0.745, 
the aileron angle rapidly increased to approximately 3° up, 
with the onset of flutter occurring at a Mach number of 
approximately 0.73, At Mach numbers between 0.735 and 0.745 
the ailerons fluttered with a frequency of about 20 cycles 
per second and attained amplitudes as large as 3°. The onset 
of aileron flutter was shovai to be a function of Mach number 
but was relatively independent of altitude, aerodynamic 
balance, and small changes of mass balance of the aileron. 
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When the aileron control system was modified by installing 
a hydraulic irreversible unit, the onset of aileron ilutter was 
delayed to a Mach number of approximately 0-75 and the flutter 
amplitude never exceeded 1 ®, which was of the same magnitude 
as the play in the irreversible aileron control system- The 
flutter frequency was again about 20 cycles per second. Due 
to small amounts of creep in the irreversible units, both 
ailerons floated up as the ci’ltical Mach number was exceeded, 
although the magnitude of this upfloat was considerably less 
than that experienced with the normal *ontrol system. 

Analysis of the available data indicates that the upfloat- 
ing tendency observed at Mach numbers greater than 0,72 is due 
to the shock- induced separation on the upper surface being 
greater than that on the lower siu’face. The aileron flutter 
appears to be a separate phenomenon caused by a coupling of 
the variations of the positions and intensities of the shock 
waves with the aileron motion. This coupling promotes an 
aileron flutter which requires but one degree cf freedom, 
aileron rotation. 

INTRODUCTION 

A type of aileron flutter, apparently associated with 
high-speed flight, has been reported to occur on several 
airplanes while flying at high subsonic airspeeds. One of the 
earliest encounters with this particular typo of flutter was 
experienced in a fighter airplane during high Mach number dives 
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being conducted at the Ames Aeronautical Laboratory, On this 
occasion the aileron flutter began at a Mach nujnber of 0.75 
and becam.e so intense at a Mach nuraber of 0.7^5 that further 
increases of airspeed v?ere considered unsafe. The purpose of 
the investigation reported herein was to provide inforraation 
concerning the effect of certain airplane parameters on the 
occurrence and Intensity of' this flutter phenomenon. Accord- 
ingly, in subsequent flights, chordwise pressiare distribu- 
tions were measured at one wing station, and the effects of 
varying the indicated airspeed, altitude, and mass and aero- 
dynamic balance of the ailerons were observed. .Furthermore, 
a hydraulic Irreversible unit was installed in the aileron 
control system! in’ order to investigate the effect of this 
modification upon the flutter phenom.enon. Since the installa- 
tion of such a unit in the control system alters the flying 
qualities of an airplane, corments relative to handling 
characteristics of the airplane are included in an appendix. 

DESCRIPTION OF AIRPLANE 

The airplane utilized in this investigation is a single- 
place, single-engine, low-wing, cantilever monoplane. A three- 
view drawing of the airplane showing the spanwlse station at 
which the v/lng pressure distribution was obtained is shov/n in 
figure 1. Figure 2 shows a photograph of the airplane as 
Instrumented during the flight tests. A sectional view of 
the airfoil at the pressure-distribution station showing the 
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aileron section, balance, and seal, is presented in figure 3. 
Since the only change in airfoil and aileron section along the 
aileron span is a. slight change in camber, this view may be 
considered typical of the entire wing-aileron combination. The 
general specifications of the wing and aileron combination are 
as follows : 

Wing 


Span 





38 

ft 

4 ir 






248 

sq ft 








5.93 








2:1 








1.30° 







► - 

0.45° 

Dihedral (top surface 35-percent 

chord ) . 





3.67° 

Sweepback (leading edge) ... 







5.10° 







6. 

88 ft 

Airfoil root 

NACA 

66 , 

2X- 

•116 

(a 

- 

0.6) 

Airfoil, tip 

NACA 

66, 

2X- 

-216 

(a 

r: 

0.6) 


Ailerons 

Span (along hinge lino, each) 


Area aft of hinge line, each 8.143 sq ft 

Fixed balance area, each 4.826 sq ft 

Mass overbalance, each 


Travel 


2.7 in-lb 
±15° 
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The aileron control system was of the push-pull rod type 
The variation of aileron deflection with hinge moment, as 
measiarod in static ground tests with the control stick locked 
is shown in figioro i|.. 

The original aileron control system was modified for a 
portion of the tests by installing an irreversible unit on 
the roar spar of the wing 2 feet inboard from each aileron 
bell crank. A photograph of the Installation is shown in 
figure This mechanism, designed and constructed at the 
Amos Aeronautical Laboratory, operates on the hydraulic- 
lock principle, the relief valves being actuated only by 
motions of the control stick. Due to imperfect fluid seals, 
this mechanism could not completely lock the ailerons; an 
applied aileron hinge moment of 10 foot-povinds caused the 
aileron to creep approximately 7° minute. In addition, 
it was possible to move the ailerons approximately 1 ^ without 
transmitting the motion past the irreversible unit. This 
movement was traced to backlash in the rod-end bearings and 
the hydraulic unit, and to distortion of the roar spar web 
supporting the boll crank. The total friction in tho aileron 
control system with irreversible \mits installed on both 
ailerons was equivalent to a control force of approximately 
6 pounds . 


INSTRUIviENTATION 


Standard NACA photographically recording flight 
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instruments wore used to measure, as a function of time, the 
following variables; indicated airspeed, pressure altitude, 
normal acceleration, control force, rolling velocity, aileron 
position, and chordwlso pressure distributions at a wing station 
8 foot 5 inches from the loft wing tip. In early tests only the 
m.otlons of the loft aileron were recorded; whereas in later 
flights the motions of both ailerons wore recorded. The aileron 
position recorders wero tested to determine their fidelity in 
recording high-frequency motions and wore found capable of 
recording both the correct amplitude and frequency at rates to 
at least 50 cycles per second, the highest frequency tested. 

Both recorders wore connoctodi. directly to the o.llerons , 

A swiveling pitot-static tube, used for the measurement 
of airspeed, v;as moui-.tod en a boom extending 8 feet ahead of 
the wing loading edge and located 2 foot inboard of the right 
wing tip. The installation was calibrated for positron error. 
Indicated airspeed as used in this report is defined by the 
usual formula by which standard airspeed meters are calieratod. 

(See reference 1.) 

RESULTS A!® DISCUSSION 


The data for the present report wore obtaxncd during dives 
starting at various altitudes. Typical time histories are 
presented in figure 6 illustrating the aileron flutter encoun- 
tered with four different configurations: (1) with production 

ailerons, (2) with the loft aileron mass-undorbalancod 2.0 

CG i 1 ' liiL 
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inch-poTjinds , (5) with the aileron prossiiro seals removed and 
the ailerons mass -balanced the sanie as originally (2.7 in — lb 
mass-overbalanced), and (L ) with irreversible units installed 
in the aileron control system and with the ailerons having the 
same mass and a.erodynamic balance as the production ailerons. 

In the following discussion the first three configurations will 
be referred to simply as the normal contx’ol system. 

Although the time histories for the normal control system 
(figs, 6(a), 6(b) and 6(c)) show that the flutter amplitude 
was the least v/hen the left aileron was mass-undorbalanccd and 
the greatest when the pressure seals wei’o removed, these 
variations in flutter amplitude maj?- also be correlated with 
the variations of Mach number since the greater amplitudes 
always occur a.t the higher Mach nTxmbors, 

Further analysis of the time histories for the normal 
control system (figs, 6(a) through 6(c)) indicates that the 
aileron flutter phenomenon ’was characterized by the following 
sequence of events. As the Mach number was increased beyond 
0,72 both ailerons started floating upward. At a Mach mmibor 
of about 0.73 j 3-1^ incipient aileron flutter occurred, v/liich 
at a slightly higher Mach niAmber developed a steady frequency 
of about 20 cycles per second j further increases of Mach 
nuralAer up to 0,7ii-5 resulted only in a greater amplitude of 
the vibrations. Despite changes of indicated airspeed from 
565 to 1 , 1.60 miles per hour, both the onset and the disappear- 
ance of flutter always occurred at a Mach nTAmber of about 0,75* 

COKFIv£i"TI--.L 
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While this obsorvation is interpreted as indicative of the fact 
that the flutter phonoirionon is independent of indicated airspeed, 
insofar as this variable affects either the forces involved or 
the true airspeed (of irnportanco in classical flutter), it is 
considered that the lift coefficient X’S-ngo covered by vo.riations 
of either indicated airspeed or ncrmal accolorations vras in- 
sufficient to arrive at a conclusion regarding the effect of 
lift cccfficiont. Data foi> another airplane (reference 2) ohovr 
a definite relationship between the lift coefficient and tho 
Mach number corresponding to the onset of fluttori -as tho lift 
coefficient increased from 0 to 0.80, the Mach number at v.iaich 
flutter occurred decreased from O. 79 O 'to 0 , 705 » 

With the irreversible aileron control s^rstom, ahreo dives 
v/ere made to the point of severe airplane buffeting during the 
course of one flight. At the conclusion of this flight, it 
v/as discovered that a la.rge amount of play had been produced 
in the bell-cranii bearings and the aileron attacliment fittings. 
Consequently, it v.aas not considered safe to continue the flight 
tests and no fixrther development of irreversible aileron control 
systems was attempted. 

Records taken during the tests with the irreversible 
control system (fig. 6(d)) show that the same upfloating 
tendency appeared prior to the flutter as was noted with the 
normal control system. Tho onset of flutter, however, v/as 
postponed to a Mach number of O.75 and tho airiplitudc was 
limitod to loss than a dogreo. It should bo noted that this 
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flutter amplitude (approximately 1°) corresponds roughly to 
the araount of play in the irrovcrsiblc aileron control system, 
V'/liilo tho tost irrovcrsible control system failed to prevent 
completely the aileron upfloat and flutter, it is felt that 
their occurrence was tho x’osult of deficiencies in the irre- 
versible control system, IVero a completely irreversible 
control system installed, it is believed that no flutter nor 
upfloat would occur. This belief is substantiated by the fact 
that the rigidly held landing flaps v/ero never reported to 
flutter. 

Tho variation y/ith Mach number of the aileron angles 
measured in straight flight with the normal control system 
is shown in figure 7 » These data show that at Mach numbers 
greater than O.72, tho effects of moderate changes of altitude, 
indicated airspeed, or aileron configuration are sm.all in 
comparison with those of Mach number. Similar data for tho 
irreversible control system are not presented because, due to 
creep, tho aileron angle is a function of tho time rate of 
change of Mach nvunbor as v;ell as of the Mach number itself. 
Insufficient data are a.vailable to present adequately this 
npro complicated relationship. The time histor;?' of figure 
does show, hov/over, that the ailerons float upv/ard in 
a manner quite similar to that indicated in figure 7 the 

normal control 337-3 tom, 

Chord’wise pressure distributions recorded 1 and ij. seconds 
after the start of the time history shown in figure 6(b) are 
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presented in figure 8 to show t^’^pical distributions boforo 
and du ■’ing the occurrence of aileron f luttor . Because of tho 
damping and inertia in tho pressure lines between the orifices 
in the wing and the manometer in the ta.il compartment of the 
fuselage, the pressure distribution recorded while the aileron 
v/as fluttering is somcw’ha.t inaccura.to, but it does havo sig- 
nificance as a mean pressure distrib’ution. 

Relation Between Aileron Upfloat and Flutter 

It appears from an analysis of the flight data in con- 
junction with the crltica.1 Mach number da.ta, presented in figure 
9, that the upfloating tendonej’’ and tho flutter arc the result 
of two relatively independent, but related, phenomena. Before 
examining these phonomona in dota.il, a. discussion of figure 9 
will be presented. 

The critical Mach numbers of both tho upper and lower 
surfaces of the NACA 66,2-216 (a = 0.6) airfoil with a 
15 -porcent-chord plain flap, which is very similar to tho air- 
foil and aileron combination of the test airplane, were computed 
for several flap deflections by the method of reference 3 
plotted as a function of lift coefficient. In order to adjust 
for tho difference between theory and actuality, several tost 
points obtained from the experimental pressure distributions 
are presented and now curves of critical Mach nximbor for the 
test airplane wing are estimated on tho basis of both tho 
theoretical and experimental results and are shown in figure 9 
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by dotted lines. Tho rclotion bctvi^con the critical Mach mimbcr 
of the airfoil section (as presented in fig, 9) 
aileron upflcat is shown in tho following discussion. 

An analysis of tho variation of aileron angle with Mach 
number (fig. 7 ) relation to tho clastic characteristics of 
tho norraal control system (fig. ij.) shows that as tho Mach 
number increases from O.3O to 0 .J 2 at an altitude of 10,000 
foot, the aerodynamic hinge moment applied on tho left aileron 
increases from 3*0 to I3.3 foot-pounds, corresponding to hinge- 
moment coefficients of 0,005 C.OO4, respectively , The 

relative constancy of tho hingc-moment coefficient at Mach 
numbers loss than 0,72 indicates that tho gradual upfloating 
of the ailerons in this range is essentially a function of 
dynamic pressure rather than an effect of compressibility. 

With fxarthcr increases of Ka,ch nvimbor to 0 . 7 U^ however, 
the m.can aileron hinge mom.ont increases rapidly to approx- 
imately 50 foot-pounds, which, at an altitude of 10,000 feet, 
corresponds to a hinge-mom.ont coefficient of approximately 
0.015. Because of ’the marked change in tho hinge-moment 
coefficient and because the ailerons with the normal control 
system always start their pronounced upward movement at 
approximately tho same Mach mmber, it is concluded that tho 
upfloating tendency at Mach mimbors above O.72 is dtio mainly 
to an effect of compressibility. 

The data of figure 9 show- that for positive lift 
coefficients and for negative aileron angles up to li®, the 


12 


CONFIDSIITIAL 


NAG A RH No, A7BO5 


critical Mach number of the upper surface is always less than 
that of the lov/er surface. As a result, the magnitude of the 
shock- induced separation on the upper surface will probablj" be 
greater than that on the lov;er surface. Therefore, since the 
pressure coefficients on the rear portion of an airfoil on which 
the flov/ is separated from the surface are more negative than 
they v/ould be without separation, rhe ailerons v/ould tend to 
float upward as the critical Mach n’omber is exceeded. The 
actual amount of upfloat would be determined oy the degree of 
separation and by the elasticity of the control system. 

V/hile the foregoing discussion indicates tnat the upfloat- 
ing tendency at high Mach numbers is mainly the static conse- 
ouence of the Intensity of the shock- induced separation on the 
upper surface being greater than that on the lov/er surface, it 
is thought that the aileron flutter is a separate phenomenon 
resulting from a coupling of the variations of the positions 
and intensities of the shock waves v/ith the aileron motions. 

As the aileron moves from its mean iJosition during the 
occurrence of flutter, the relative intensities of the shock- 
induced separation on the upper and lov/er surfaces change, 
producing hinge moments tending to return the aileron to its 
m.ean position. Since a finite time is required for the aileron 
deflection to affect the flow over the wing, the restoring 
moments lag the aileron motions. It is possible, thereiore, 
to have a component of the restoring moment in phase with the 
aileron velocity, promoting the continuance of an aileron 
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•flutter which requires but one degree of freedom, aileron 
rotation. Shadowgraph pictures^ taken in the Ames 16-foot 
high-speed wind tunnel have confirmed the foregoing 
hypothesis in that they sho\? a coupling between the shock- 
wave position and the aileron angle. 

In contrast to the classical flutter problem, in \vhich 
the aileron flutter is groatly affected by the values of the 
aerodynamic coefficients and the aiaount of mass balance of 
the ailerons, it ap_L-^sars that in a flutter phenomenon of the 
tj'pe just described the flutter would be relatively Inde- * 
pendent of variations of the dynamic and aerodynamic 
characteristics of tne ailerons, provided the ailerons 
remain free to rotate. Such indexiendence is in accord with 
the experimental data presented in this report. If the 
ailerons woz'e not free to rotate, however, as would be the 
case v/lth a perfect irreversible control system, it is 
believed that the flutter would not occur and txxC fluctua- 
tions of the hinge moments would be groatly reduced. 

COFCLUSIONS 

The following conclusions regarding aileron flutter 
v/er.o draan from an analysis of the data obtained from dive 
tests of a fighter airplane; 

^ Data on file at this Laboratory. 
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1. With the normal control system, both ailerons floated 
upward progressively as the speed was increased reaching an 
angle of 0.8° at a Mach number of 0.72. With further increases 
of Mach number to 0.745, the deflections of both ailerons 
rapidly increased to 3° up, and the flutter started at a Mach 
number of approximately 0.73. 

2. With the aileron control system modified by the 
installation of a hydraulic irreversible unit the flutter was 
delayed to a Mach iiumber of about 0.75. This system was not 
completely irreversible; however, backlash and distortion 
permitted about 1° of aileron deflection, and fluid leakage 
allov/ed the ailerons to crecj^ slowly under applied hinge 
moments. Because of this creep, an upfloating tendency of the 
ailerons was still observed, although it was smaller than that 
measured with the normal control system. The amplitude of the 
flutter, less than 1°, was of the same magnitude as the play 
in the irreversible aileron control system. 

3. The flutter freouency was approximately 20 cycles per 
second for all configurations tested. 

4. The onset of aileron flutter was a function of Mach 
number but -was relatively independent of altitude, aerodynamic 
balance, and small changes of mass balance of the aileron. 

5. Analysis of the available data indicates that the 
upfloating tendency observed at Mach numbers greater than 0.72 
is duo to the shock- Induced separation on the upper surface 
being greater than that on the lower surface. The aileron 
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flutter is a separate phenomenon caused by a couieling of the 
vai’iations of the positions and intensities of the shock waves 
with the aileron motion. This coupling promotes an aileron 
flutter v.’hlch roquiros but one degree of freedom, aileron 
rotation. 
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APPEIIDIX 

PILOTS’ OPINIONS OP THi: HANDLING- OUALITIES OP THE AIRPLANE 
WITH IRREVERSIBLE AILERON CONTROL SYSTEM 

■'.’'hile it appeal's that an irreversible aileron control 
systerti may offer one solution 'to the flutter problem, the 
lack of positive stick-free lateral stability and, the added 
friction usually associated with irreversible mechanisms are 
undesirable foa.tures from the pilots' viewpoint. To detennine 
the degree of acceptability of such control characteristics, 
the test airplane with the irreversible aileron control system 
installed was flown by several expenenceci test pilots ano. 
their opinions of the lateral stability and control character- 
istics were noted after each flight. Those comments have been 
analyzed and are summarized herexn together witPi representa- 
tive auantitative aileron control-force data obtained in 
abrupt rolls. 

Figure 10 shows a typical time history of an abrupt 
rudder-locked aileron roll of the test airplane with the 
irreversible aileron control system installed. This time 
history clearly shows the initial control iorce required to 
move the ailerons and to start the roll. Once the desired 
aileron deflection was reached, the control force was reduced 
nearly to zero, while the irreversible un.it maintained the 
aileron at an effectively constant setting. 

From the standpoint of the pilots, as judged from their 
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coinmGnts, the undesirable characteristics of the tost 
irreversible aaMoron control system were the high control 
friction a5ad the feeling of stick-free noutra.1 lateral 
stability. These characteristics were most noticeable and 
disagreeable du-ring take-off and landing. For take-off, 
the3'’ reported that the ailerons must be neutralized by 
position alone, since it was impossible to determine wlicthoP 
or not they were ne\itralizod until the airplane was airborne 
and the rolling moment ca.usod by unbala.ncod ailerons ca.usod 
a wing to drop. The wings could be kept level only by visual 
reforonce to attitude. Without devoting too much a.ttontion 
to attitude, corrective action was not applied by the pilot 
as soon as would be the case if he felt positive stick-free 
lateral stability, producing a definite tendency tov/ards over- 
controlling, This tendency, the pilots noted, gradually 
diminished as the speed was Increased vintil, at speeds above 
about 250 miles per hoiu?, it was possible to avoid over- 
controlling bjr moving the ailerons with slow steady pressures 
instead of rapid movements. As the speed was decreased for 
landing, the over controlling tendency arose again and was 
even m.ore noticeable than on take-off, because m.oro corrections 
were usually nccessarji^ in making the approach at low speed. 
Rough air greatly aggrava.ted the ovcrcontrolling tondonclos. 

The application of the slow steady stick pressures that 
reduced the overcontrolling tendencies at high speeds was 
practically Impossible at low speeds duo to the largo aileron 
deflections required to pr“Oduco the nocossarj' restoring moment. 
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Figure 2,- The test airplane as instr\;miented for the flight tests 
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Aileron deflection, deg up 
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Fig. 5 



Figure 5.- The Irreversible \mit, as installed 
on the test airplane. 
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Fig. 6a, b 
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